EXPERIMENTAL STUDIES OF THE NASOPHARYNGEAL SECRETIONS FROM INFLUENZA PATIENTS : X. THE IMMUNIZING EFFECTS IN RABBITS OF SUBCUTANEOUS INJECTIONS OF KILLED CULTURES OF BACTERIUM PNEUMOSINTES. by Olitsky, Peter K. & Gates, Frederick L.
EXPERIMENTAL  STUDIES  OF  THE  NASOPHARYNGEAL 
SECRETIONS  FROM  INFLUENZA  PATIENTS. 
X.  THE  IMMUNIZING E]~FECTS I~  RABBITS  O~  SUBCUTANEOUS 
INACTIONS oz K/LLED  CULTURES  0]~ BAcrEmu~ PNEUMOSINTES. 
Bx PETER K. OLITSKY, I~.D.,  AND FREDERICK  L. GATES, M.D. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 
(Received for publication, July 18, 1922.) 
It  is  evident from  the  results  of  the serological experiments de- 
scribed in Papers VII  1 and IX  ~ of these studies that the reaction of 
the animal body to intratracheal  and intravenous injections of liv- 
ing BaCterium pneumosintes derived from the nasopharyngeal  secre- 
tions  of  influenza  patients  involves  the production of  serum  anti- 
bodies.  Evidence of the protective effects of such injections against 
subsequent  infection  with  Bacterium pneumosintes  has  also  been 
reported3,* 
It appears, therefore, that Bacterium pneumosintes has the antigenic 
character common to bacteria in general, and that the mechanism of 
protection against it is similar to that which comes into play in  the 
case  of  infections  with  other  pathogenic  microorganisms.  If  this 
is  so,  it  follows  that  subcutaneous injections  of  killed  cultures  of 
Bacterium pneumosintes may be expected to induce a  similar protec- 
tive reaction.  Recently, we  have had  the opportunity to put  this 
hypothesis  to  experimental  test.  A  study  of  the  serological  and 
immunological  reactions  of  rabbits  to  prophylactic  subcutaneous 
injections of killed Bacterium pneumosintes is reported in the present 
paper. 
The opportunity for such a  study was afforded by the recurrence 
of epidemic influenza in New York City in the early months of 1922. 
This  recurrence  provided  us  with four  new  strains  of  Bacterium 
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pneumoslntes which had  not  undergone prolonged  artificial  cultiva- 
tion  and  were,  therefore,  pathogenic  for  rabbits. ~  With  these  the 
protective  effects  of  subcutaneous  injections  could  be  tested,  both 
against subsequent infection of the lungs with Bacterium pneurnosintes, 
and,  as  a  corollary,  against the secondary invasion of the  lungs by 
other bacteria.  The study also furnished evidence of the local and 
general reactions which might be expected to follow the subcutaneous 
injection of killed cultures of Bacterium pneumosintes, and  thus  pre- 
pared  the way  for similar observations  in man. 
Methods. 
Preparation of the Killed Cultures of Bacterium pneumosintes.--The  experimental 
evidence t,2,8 points to the antigenic identity of all of our strains of B. pneumosintes, 
whether  derived from the epidemic of 1918-19,  the recurrence  of  1920,  or the 
recent  recurrence of  1922.  It did not  seem advisable, therefore,  to prepare a 
polyvalent vaccine of all the available strains, but~ in order to include possible 
antigenic differences, which  the  serological tests  did not  disclose, two  cultures 
were chosen and used in equal quantities,--Strain 17,  isolated in  1918  directly 
from the nasopharyngeal secretions of an influenza patient, and Strain 34, obtained 
in February,  1922,  from lung tissue derived from a  rabbit in the second passage 
of the active agent from Case 34. 
The organisms were grown for 3 to 5 days in 100 cc. Florence flasks of B. coli 
broth,  2 seeded with 1 cc. of a  dextrose broth-rabbit kidney culture of Strain 17 
or  34.  After  centrifugation  the  supernatant  medium  was  decanted  and  the 
sediment suspended in 0.85  per cent salt solution and heated for 30 minutes at 
56-60°C.  The suspension was then standardized on an opacity scale and tested 
for sterility. 
Standardization of the Suspensions.--Because  of wide  differences in  the  size 
of bacteria,  the  standardization of  suspensions by counting  methods  does not 
afford comparable data on the amount of bacterial substance present, especially 
since the accepted error in counting methods is often as great as 25  per cent. 
On the other hand, r: is convenient to speak of bacterial suspensions in terms of 
the bacterial count.  What is lacking is a comparative standard to which bacteria 
of various sizes can be referred. 
We have adopted Staphylococcus albus as a  convenient standard and have cor- 
related the bacterial count  and  the opacity of its suspensions in a  number of 
tests.  Using the Wright method for counting and  the depth of disappearance 
readings described by one of us  (Gates4), it was found that  1,000  million heat- 
killed staphylococci corresponded to a corrected opacity of 3.47 cm. 
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Regardless of the actual number of B. pneumosintes in a given suspension, we 
have standardized the killed cultures on the staphylococcus scale.  For example, 
a suspension of B. pneumosintes which has a corrected opacity of 3.47 cm. is said 
to contain 1,000 million organisms (Staphylococcus Equivalent).  In other words, 
S.E. 
the amount of bacterial substance present is assumed to correspond approximately 
to the amount  contained in a suspension of 1,000 million staphylococci per cc. 
Suspensions of B. pneumosintes, standardized by this method, have been checked 
by comparison with equivalent quantities  of Staphylococcus albus, B. typhosus, 
and  Meningococcus Type  A  in  Hopkins  tubes.  5  The amounts  of bacterial 
sediment obtained corresponded within the limit of observation of the tubes. 
Procedure.--Twenty-six  apparently  healthy  adult  rabbits  were 
given  three  subcutaneous  injections  of  heat-killed  Bacterium  pneu- 
mosintes,  at intervals  of 5  days.  With  the  Staphylococcus Equiva- 
2,000 million  4,000 million 
lent as a  measure, the doses chosen were  ,  , 
S.E.  S.E. 
and 4,000 million 
Bacterium pneumosintes,  a  total for  each  animal  of 
S.E. 
10,000 million 
The injected suspensions contained equal quantities 
S.E. 
of Strains  17 and 34, in 1 to 2 cc. of physiological saline solution.  In 
order  to  localize  the  subcutaneous  reaction,  the  injections  were 
made  through  a  shaved  area,  cleansed  with  soap  and  water  and 
alcohol, on the most dependent portion of the abdomen. 
Reactions.--None  of  the  rabbits  showed  any  significant  local 
reactions  or  rise  in  temperature  following  the  first  injection  of 
2,000 million organisms.  After  the  second  injection  -  --  -(4'00°--milli°n~ 
S.E.  \  S.E.  / 
most of the animals showed a mild, local reaction, consisting of redness, 
heat,  and  swelling which persisted  for 2  days.  The  third  injection 
rarely  caused  local  symptoms.  No general  symptoms  referable to 
the  inoculations  were  noted.  One  rabbit  was  found  dead  on  the 
2nd  day after  the  third  injection,  and  two others were found  to be 
suffering from  an  infection prevalent  among  the  stock rabbits,  and 
were killed. 
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10,000  million 
Four  other  rabbits  were  given  the  total  dose  of 
S.E. 
killed culture of Bacterium pneumosiutes  in a  single subcutaneous in- 
jection.  Two  of  these  rabbits  developed  localized  areas  of  heat, 
redness,  and  swelling.  The  other  two  showed practically no  local 
reaction.  Blood  counts  made  on  these  animals  before  and  after 
injection showed no immediate change in the total leucocyte count, 
or in  the proportion  of mononuclear cells,  such as is  characteristic 
of infection with the living organisms.  The body temperatures were 
not affected by the injection. 
Agglutinir~  Formation. 
From  10  to 32  days after the third subcutaneous injection, nine- 
teen of the  rabbits  were used in  the protection  experiments to  be 
described.  The  blood  serum of fifteen of them was  tested  for  the 
presence of specific agglutinins, 10 to 27 days after the final injection. 
Of  these sera,  four failed  to  agglutinate  the homologous strains  of 
Bacterium  pneumosintes  in  the  lowest  dilution  tested,  1:4.  Five 
sera, in this dilution, showed agglutinins against one or both strains. 
Five other sera agglutinated the strains when diluted 1:8,  and  one 
in a dilution of 1: 16.  In view of the individual variations in response 
among  rabbits,  and  the  relatively low  agglutinogenic properties  of 
Bacterium  pneumosintes ~ these results  are what  would  be  expected. 
They indicate that  the subcutaneous injection of killed  cultures of 
Bacterium pneumosintes  induces antibody formation.  But the criti- 
cal test of immunization is not the titer of serologically demonstrable 
antibodies, but protection against subsequent infection. 
As a  preliminary to the series of protection experiments with the 
subcutaneously inoculated  animals,  the  four  rabbits  that  were  in- 
jected with a  single dose of 10,000  million organisms were tested for 
S.E. 
lowered resistance on the day following inoculation.  Attention has 
repeatedly been  called  to  one  oJ  the  characteristic  features  of  in- 
fection with Bacterium  pneumosintes;  namely, the loss  of resistance 
to  secondary  infection  which  occurs  in  the  injured  lung.  ~,7  In 
e Olitsky, P. K., and Gates, F. L., Y. Exp. Med., 1921, xxxiii, 373. 
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view of the nature of the lesions caused by Bacterium pneurnosintes 
in the pulmonary tissues, and the localization in these damaged tissues 
of other bacteria, injected intravenously, it is natural to suppose that 
it is the local disorganization and destruction of the lung structure 
that  opens  the way  to  secondary infections.  Nevertheless,  it  was 
conceivable that Bacterium pneumosintes might have  some inherent, 
specific property of promoting infections by other organisms and it 
seemed important to know whether, in the absence of a  pulmonary 
lesion, the presence of pneumosintes protein in the body might reduce 
the  natural  resistance  to  other  bacteria  during what  is  commonly 
called a negative phase. 
To  test  this  possibility,  two  of  the  four  rabbits  that  received 
10,000 million 
killed organisms in one dose were injected intravenously 
S.E. 
on the following day with a  dose of atypical Type II pneumococcus 
which was harmless to normal animals but infective for those suffer- 
ing  from  a  pulmonary lesion  induced  by  Bacterium pneurnosintes. 
One  of the animals remained well,  gave  negative blood  cultures 
on the 2nd day, and, when killed for autopsy on that day, showed no 
lesions of the lungs, cultures of which remained sterile.  The other 
rabbit died on the day following injection.  No obvious lesions were 
found.  The  blood  culture,  post  mortem,  yielded  the  bacillus  of 
rabbit septicemia.  This infection, from which two other vaccinated 
rabbits were found to be suffering, was prevalent among the Stock. 
Since the subcutaneous injection of killed cultures of Bacterium pneu- 
mosintes apparently did not lower the resistance of the two animals to 
the  pneumococcus, these  accidental  infections presumably bear  no 
relation to the problem in hand. 
The third rabbit was similarly injected with a  non-infective dose 
of Slrepwcoccus hcemolyticus, and  the fourth with Bacillus pfdfferi. 
Neither streptococcus nor  Pfeiffer's  bacillus  could subsequently be 
recovered by blood culture, and at autopsy the organs of the rabbits, 
including the lungs, appeared normal.  Cultures  of the lung tissue 
were negative. 
Prolection Experiments. 
Experiments  to  test  the  protective  efficacy of  the  subcutaneous 
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The  vaccinated  rabbits  in  Group  A  were  injected intratracheally 
with  the active agent of rabbit passages  in the  1922  series,  in doses 
that  proved  infective for  normal  control  animals.  The  vaccinated 
rabbits in  Group B  were intratracheally injected with mass  cultures 
of pathogenic  (1922)  strains  of  Bacterium  pneumosintes.  The  vac- 
cinated  rabbits  in  Group  C  were injected intratracheally with  Bac- 
terium  pneumosintes,  and  then  intravenously  with  other  bacteria, 
in  doses  which,  following  a  similar  intratracheal  injection  of  Bac- 
terium  pneumosintes,  caused  pneumonia  in  uninoculated  controls. 
Typical protocols may be  cited  to  illustrate  each  group. 
Group A.  To Test the Resistance of Vaccinated Rabbits to Pathogenic Doses of 
the  Active Agent of Rabbit Passages.  Experiment /.--Rabbit  A  (vaccinated): 
Last subcutaneous injection Apr. 29, 1922.  May 9. Leucocytes 5,000, of which 
2,200 were  mononuclear cells.  Temperature 39.3°C.  May 10.  Injected intra- 
tracheally with 3 ec. of a salt solution  suspension of ground lung tissue  derived 
from a rabbit in the third passage of the active agent from a recent case of early 
epidemic influenza  (Case 282).  May 11. Leucocytes 5,200, mononuclears 3,224. 
Temperature 39.3°C.  May 12. Leucocytes 9,000, mononuclears 5,670.  Killed. 
Lungs  and  other organs  show  no  lesions.  Aerobic  and  anaerobic cultures  of 
lung tissue yielded no growth. 
Rabbit B  (normal control): May 9. Leucocytes 14,400, of which  6,336 were 
mononuclear cells.  Temperature 39.3°C.  Conjunctivae  normal.  May  10.  In- 
tratracheally injected with 3 cc. of the ground lung suspension given to Rabbit A. 
May  11.  Leucocytes 11,000, mononuclears  4,840.  Temperature 39.4°C.  Con- 
junctivitls.  May  12.  Leucocytes  8,400,  mononuclears  2,856.  Temperature 
39.5°C.  Conjunctivitis.  Killed.  Only the  lungs  showed  lesions.  Both lungs 
were the site of a hemorrhagic edema and an emphysema, without consolidation. 
Microscopically  the affected tissues  showed marked edema of the interalveolar 
strands  with  a  cellular  exudate of mononuclear and  polymorphonuclear cells. 
The lumina of the bronchi were filled with serum,  leucocytes,  and cells from the 
necrotic and exfoliated epithelium.  Among the cilia of the bronchial epithelium 
clumps  of minute  bacteria,  morphologically  similar  to  B.  pneumosintes, were 
noted.  Anaerobic,  as well as aerobic cultures, failed to yield a growth, however. 
A repetition of this experiment gave the same results. 
The  experiments  illustrated  by  these  typical instances  show  that 
subcutaneous  injections of killed  cultures  of Bacterium pneumosintes 
cause  the  development of an  effective resistance to pathogenic doses 
of the active agent derived from the nasopharyngeal secretions of in- 
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pneumosintes  has  already  been  demonstrated.  Tissue  suspensions 
were used because it was  thought that Bacterium pneumosintes  con- 
tained in the lungs of affected rabbits after repeated passages might 
be enhanced in virulence and pathogenicity, and hence afford a more 
severe test of resistance than was to be obtained with the laboratory 
strains which were studied in Group B. 
Group B. To Test the Resistance of Vaccinated Rabbits to Pathogenic Doses of 
B.  pneumosintes.  Experiment 2.--Rabbit  A  (vaccinated): Last  subcutaneous 
injection Apr. 29, 1922.  May 15. Leucocytes 7,200, of which 2,880 were mono- 
nuclear  cells.  Temperature  39.2°C.  Conjunctiv~  normal. Injected  intra- 
tracheally with 3 cc. of a salt solution suspension of B. pneumosintes, Strain 34, 
representing the  third  generation in mass culture.  May 16. Leucocytes 8,000, 
mononuclears 4,160.  Temperature 39.2°C.  Conjunctivae normal.  May  17. 
Leucocytes 7,200, mononuclears 4,176.  No change in temperature.  Conjunc- 
tivae normal.  Killed. No lesions found in the lungs or other organs.  Aerobic 
and anaerobic cultures of the lung tissue remained sterile. 
Rabbit B (normal control): May 15.  Leucocytes 12,000, of which 5,760 were 
mononuclear cells.  Temperature 38.5°C.  Conjunctivae  normal.  Injected pre- 
cisely as  was  Rabbit  A.  May  16. Leucocytes 10,000, mononuclears 4,400. 
Temperature 39.5°C.  Conjunctivitis. May 17. Leucocytes  6,000, mononuclears 
2,700.  Temperature 39.6°C.  Killed. The lungs showed the hemorrhagic  edema, 
emphysema, cellular reaction, and bronchial lesions already described as char- 
acteristic of the effects of/~. pneumosintes.  8  Among  the cilia of the bronchial 
epithelium and in the interalveolar tissues, numerous clumps of minute micro- 
organisms, morphologically  identical with ~. pneumosintes, were found.  Aerobic 
cultures of  the  lung  tissue showed no  growth; anaerobic cultures yielded B. 
pneumosintes. 
This experiment is typical of the five in Group B.  In spite of the 
fact that a large dose of a pathogenic strain of t~acterium pneumosintes 
was employed, the protection afforded by the previous subcutaneous 
injections of killed culture was sufficient to prevent invasion of the 
lung. 
Since the intratracheal injections of .Bacterium pneumosintes  failed 
to infect and to produce pathological lesions in the lungs of the vac- 
cinated rabbits in Groups A and B, these animals presumably would 
have  shown a  normal resistance to pulmonary infection with other 
bacteria.  The r61e of secondary infections in human influenza is so 
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important,  however,  and  the  reduction  of pulmonary  resistance  in- 
duced  by  Bacterium  pneumosintes  in  experimental  animals  is  so 
characteristic  and significant,  that we were led to test the resistance 
of  vaccinated  rabbits  to  other  bacteria,  following  intratracheal  in- 
jections  of  pneumosintes  cultures.  These  experiments  comprise 
Group C  of the present series and were carried  out with an atypical 
Type  II  pneumococcus,  a  hemolytic  streptococcus,  and  Bacillus 
p#i1 eri. 
In  this  group  of  experiments  the  procedure  described  in  Paper 
V  of this  series  7 was employed.  First,  cultures  of atypical Type II 
pneumococcus, Streptococcus  heemolyticus,  and  Bacillus  pfeifferi  were 
injected  intravenously  into  normal  rabbits  and  a  non-infective  dose 
was determined in each case.  Then the pathogenicity of mass cultures 
of the 1922 strains of Bacterium pneumoslntes, injected intratracheally 
into  normal  rabbits,  was  confirmed  (Control  Rabbit  B,  Group  B). 
Finally the animals  previously prepared  by vaccination,  and  normal 
controls,  were injected intratracheally  with  the  tested mass cultures 
of  Bacterium  pneumosintes,  and  on  the  following  day  each  was  in- 
jected  intravenously  with  the  dose  of  one  of  the  organisms  above 
mentioned  that  had  proved  non-infective  for  normal  rabbits.  The 
results of these experiments are illustrated by the following protocols. 
Group C.  To Test the Resistance of Vaccinated Rabbits to Infection with Other 
Bacteria Following the lntratracheal Iniection of B. pneumosintes.  Experiment 3. 
B. pneumosintes and the Pneumococcus.--Rabbit A  (vaccinated): Last injection 
May 2,  1922.  May 16. Leucocytes 9,300, of which 2,140 were mononuclears. 
Temperature  39.8°C.  Injected  intratracheally  with  3  cc. of  a  mass  culture 
oi B.  pneumosintes similar to  that  used  in  Experiment  2.  May 17.  Leuco- 
cytes  11,400,  mononuclears 4,450.  Temperature  39.9°C.  Injected  intrave- 
nously with 3 million atypical Type II pneurnococci, suspended in 1 cc. of salin. 
solution.  (This was the tested  non-infective dose for this  culture  of pneumoe 
coccus.)  May 18. Leucocytes 7,600, mononudears 3,570.. Temperature 40.1°C  - 
May 19. Leucocytes 12,000, mononuclears 5,760.  Temperature 40.2°C.  May 20. 
Leucocytes 8,600, mononuclears 4,730.  Temperature  40°C.  Blood  taken  for 
culture yielded no growth.  Killed.  Lungs and other organs appeared normal. 
Aerobic and anaerobic cultures of the lung tissue remained sterile. 
Rabbit B  (normal control):  May 16. Leucocytes 6,300, of which 3,090 were 
mononuclears.  Temperature  39.2°C.  Conjunctivae  normal.  Injected  intra- 
tracheally with B. pneumosintes, as was Rabbit A.  May 17. Leucocytes 6,000, 
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venously with 3 million pneumococci, as was Rabbit A.  May 18. Leucocytes 
5,600,  mononuclears  2,520.  Temperature  41.2°C.  Conjunctivitis.  May  19; 
Leucocytes 18,800, mononuclears 7,520, polymorphonuclears  11,280.  Tempera- 
ture 40.7°C.  Conjunctivitis.  Blood culture made on this day yielded the pneu- 
mococcus.  Killed.  Lungs voluminous with edema and emphysema and showed 
numerous  hemorrhages.  Lower right lobe dark, solid, and resistant to section. 
Fibropurulent  discharge  from  bronchi.  Microscopically,  hemorrhage,  edema, 
and emphysema were noted in some areas.  Other areas were the site of a peri- 
bronchial  consolidation and polymorphonuclear  exudate.  Impression  smears of 
the  cut lung showed numerous  polymorphonuclear  cells, and free and phago- 
cytosed pneumococci.  Aerobic and anaerobic lung cultures yielded pneumococci. 
Diagnosis:  pneumococcus septicemia and beginning pneumonic consolidation. 
This  experiment  is  one  of  three  in  which  it  was  found  that  the 
pneumococcus,  injected  intravenously,  following  an  intratracheal 
injection of Bacterium pneumosintes, produced a  septicemia and pneu- 
mococcus pneumonia in control rabbits but not in rabbits previously 
vaccinated with killed cultures  of  the  primary  organism.  One  ex- 
periment  was  complicated  by  the  presence  of  Bacillus  lepisepticus 
in  the lung tissues,  but  not in  the  blood  of  the  vaccinated  animal. 
The  lungs  of  this  rabbit  showed  no  pneumonic  consolidation,  and 
cultures  of lung and blood were negative for the pneumococcus. 
Experiment 4. B. pneumosintes and Streptococcus hcemolflicus.--Rabbit A (vac- 
cinated): Last injection  May  2,  1922.  May  22. Leucocytes  5,800, of  which 
3,070  were  mononuclears.  Temperature  39.7°C.  Conjunctiva~ normal.  In- 
jected intratracheally with 3 cc. of a saline solution suspension of a mass culture 
of B. pneumosintes, similar to that used in Experiments 2 and 3.  May 23. Leuco- 
cytes 6,800, mononuclears  3,400.  Temperature 39.3°C.  Conjunctiva~  normal. 
Injected intravenously with a  saline solution suspension of Streptococcus h~no- 
lyticus containing  1 million  microorganisms  (the  tested non-infective  dose  for 
this culture).  May 24. Leucocytes 8,400, mononuclears  5,376.  Temperature 
39.2°C.  Conjunctivae normal.  May 25. Leucocytes 6,600, mononuclears 3,498. 
Temperature 39.2°C.  Conjunetivm normal.  Blood cultures  taken on this day 
remained sterile.  May 26. Leucocytes 6,600, monounclears 3,894.  Temperature 
39.4°C.  Conjunctiv*e normal.  Blood culture free from  growth.  Killed.  Lungs 
and other organs appeared  normal.  Aerobic and anaerobic cultures of the lung 
tissue yielded no growth. 
Rabbit B  (normal  control):  May 22. Leucocytes 7,600, of which 2,812 were 
mononuclears.  Temperature  38.4°C.  Injected  intratracheally  with  B.  pneu- 
mosintes, precisely as was Rabbit A.  May 23. Leucocytes 7,000, mononucleaxs 
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1 million  Streptococcus kazmolyticus.  May 24. Leucocytes 8,000,  mononuclears 
2,240.  Temperature 38.9°C.  Conjunctivitis.  May 25. Leucocytes 5,400, mono- 
nuclears 3,240.  Temperature 39°C.  Conjunctiv*e normal.  Blood culture posi- 
tive  for Streptococcus hcomolyticus.  May  26. Leucocytes 6,800,  mononuclears 
1,700.  Temperature  39.4°C.  Conjunctivae  normal.  Blood  culture  yielded 
Streptococcus hcemolyticus.  Killed.  Lungs showed diffuse consolidation  of con- 
fignous  parts  of left upper and lower lobes  (red hepatization).  Remainder of 
lung  voluminous,  edematous,  and  emphysematous,  and  showed  a  number  of 
small  hemorrhages on  surface  and  on  section.  An  impression  smear  showed 
numerous polymorphonuclear cells and a few streptococci.  Cultures of the lung 
yielded  Streptococcus  hcemolyticus.  Diagnosis:  streptococcus  septicemia  and 
pneumonia. 
Two  other  similar  experiments  with  Bacterium  pneumosintes  and 
Streptococcus  hcemolyticus  gave similar results.  As in the experiments 
with the pneumococcus, the previous vaccination of the experimental 
rabbits with killed cultures of JBacterium pneumosintes  protected the 
animals  against pathogenic doses of the living organisms; and  in the 
absence  of  a  pulmonary  lesion,  due  to  .Bacterium  pneumosintes, 
they maintained  their normal resistance  to secondary infection  with 
the streptococcus. 
Experiment 5. jB. pneumosintes and B. pfeij]eri.--Rabbit A (vaccinated): Last 
injection May 27, 1922.  June 6. Leucocytes 9,000, of which 4,320 were mono- 
nuclears.  Temperature 39.7°C.  Injected intratracheally with 3 cc. of a  saline 
solution  suspension  of a mass  culture of B. pneumosintes.  June 7. Leucocytes 
11,600, mononuclears 4,872.  Temperature 39.5°C.  Conjunctiv,e normal.  In- 
jected intravenously with 7.5 billion B. pfdfferi (the tested non-infective dose of 
this culture) in 1 cc. of saline solution.  June 8.  Leucocytes 12,800, mononuc]ears 
6,400.  Temperature  39.5°C.  Conjunctivm  normal.  Blood  culture  remained 
sterile.  June  9.  Leucocytes  9,000,  mononuclears  5,040.  Temperature  un- 
changed.  Conjunctivm  normal.  Blood  cultures  yielded  no  growth.  Killed. 
The lungs  and other organs appeared normal.  Aerobic and anaerobic cultures 
showed no growth. 
Rabbit B  (normal control): June 6. Leucocytes 14,000, of which  7,420 were 
mononuclears.  Temperature  39.2°C.  Conjunctiva~  normal.  Injected  intra- 
tracheally with B. pneumosintes, precisely as was Rabbit A.  June 7. Leucocytes 
12,800,  mononuclears  3,200.  Temperature  39.6°C.  Conjunctivitis.  Injected 
intravenously with 7.5 billion B. pfeifferi.  June 8. Leucocytes 44,000, of which 
5,300 were mononuclears  and 38,700 were polymorphonuclear cells.  Tempera- 
ture 39.9°C.  Conjunctivitis.  Blood culture yielded B. pfeifferi in pure culture. 
June  9.  Leucocytes  22,800, mononuclears  4,788,  polymorphonuclears  18,012. 
Temperature 39.9°C.  Conjunctivitis.  Blood  culture positive  for B.  pfeifferi. PETER  K.  OLITSKY AND  FREDERICK  L. GATES  695 
Killed.  Right lower lobe of lungs dark,  congested, resistant  to section, with a 
purulent  exudate  in  the  bronchi.  Histological  examination  revealed  edema, 
hemorrhages,  emphysema, and  peribronchial  and  Iobular  consolidation.  The 
solid areas  contained many polymorphonuclear cells, with  some mononuclears 
and respiratory epithelium in a matrix of serum and fibrin.  In some areas the 
bronchi were filled with leucocytes, serum, and fibrin, surrounded by a necrotic 
and exfoliated epithelium.  Impression smears showed  ~aany polymorphonuclear 
cells and intra-  and extracellular Gram-negative bacilli, resembling B. pfe~fferi. 
Anaerobic cultures of the lung were negative, although minute organisms, resem- 
bling B. pneumosintes, were seen in  the ciliary epithelium of affected bronchi. 
Diagnosis: septicemia and pneumonia, due to B. pfeifferi. 
Six  similar  experiments  were  made  in  this  series.  The  re- 
sults  of  four  of  these  corresponded  to  those  illustrated  above.  In 
the  other  two  experiments  the  subcutaneous  injections  failed  to 
protect the animals,  and the intratracheal  injection of live Bacterium 
pneumosintes, followed by the intravenous injection of Bacillus pfdfferi 
induced  a  pulmonary  infection  to  which  the  rabbits  succumbed. 
The failUre of the vaccine to protect in these two instances may be 
attributed  to individual  susceptibility on  the part  of the rabbits,  or 
possibly  to  the  rather  arbitrary  dose  of  Bacterium  pneumosintes 
employed.  In  each  experiment  the  suspension  of  Bacterium  pneu- 
mosintes  for  intratracheal  injection  was  divided  between  the  vac- 
cinated and the control animals, 3 cc. to each, but in experiments with 
different  cultures  the  potentialities  of  the  dose  employed may well 
have  varied.  Since  the  control  animals  in  every instance  were in- 
fected, it is certain  that  at least one infective dose was given in all, 
but in some experiments the rabbits may have received several multi- 
ples of this minimum.  Thus  the experiments may have  been much 
more  severe tests  of  the protection  afforded  by  subcutaneous  vac- 
cination  than  the  protocols  indicate,  and  it  was  to  be  expected 
that  in  some  instances  protection  would  be  incomplete. 
SUMMARY  AND  CONCLUSIONS. 
A series of rabbits was subcutaneously injected with three measured 
doses  of  killed  cultures  of  two  strains  of  Bacterium  pneumosintes 
derived  from  the  nasopharyngeal  secretions  of  influenza  patients. 
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antibodies and for the presence of an induced immunity to the living 
organisms, with the following results. 
The serum of eleven of fifteen rabbits,  tested from 10 to 27  days 
after  the  final  subcutaneous  injection,  specifically  agglutinated 
Bacterium  pneumosintes,  whereas  normal  rabbit  serum did not. 
Nineteen vaccinated rabbits  were subjected to protection experi- 
ments.  Two of them were unaffected by an intratracheal injection 
of Bacterium  pneumosintes,  contained in the lung tissues of previously 
infected  animals,  in  a  dose  which  typically  affected  the  control 
rabbits.  Fifteen  of  the  other  seventeen proved  to  be  completely 
resistant when tested by intratracheal injections of Bacterium pneu- 
wnosintes cultures  that  produced  typical  infections in  the  controls. 
Ten of these fifteen rabbits were injected intravenously with living 
,cultures  of  pneumococcus,  Streptococcus hcemolyticus,  or  Bacillus 
pfeifferi in doses which were non-infective under normal conditions, 
but infective, as experience has shown, in the presence of a  primary 
lesion caused by Bacterium pneumosintes.  In none of these animals 
did infection develop.  The two remaining rabbits of the seventeen 
were not protected  against Bacterium pneumosintes  by the vaccina- 
tion,  and  they  further  developed  a  secondary  pulmonary  infec- 
tion with t~acillus pfeifferi after its intravenous injection.  Control 
rabbits similarly injected intratracheally with Bacterium pneumosintes, 
and  then  intravenously  with  the  pneumococcus,  streptococcus, 
or Bacillus pfeifferi in doses that had proved non-infective for normal 
rabbits,  uniformly  developed  a  secondary  infection  with  these 
organisms. 
The  mildness of  the  local  reactions  and  the  absence  of  general 
signs,  following  vaccination  with  Bacterium  pneumosintes,  indi- 
cate that  similar injections would be well tolerated in  man.  There 
is no evidence that the subcutaneous injection of large doses of the 
heat-killed  organisms  reduces  the  resistance  of  the  animal  body 
to infections with other bacteria.  In single rabbit  experiments the 
resistance  to  intravenously  injected  pneumococci,  streptococci,  or 
Bacillus pfeifferi has  been found unreduced immediately after  vac- 
cination with Bacterium pneumosintes. 